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PRINCIPLES  OF  ARMOR  PROTECTION 


Third  Partial  Report 


OBJECT 


To  determine  the  relative  resistance  to  penetration, 
with  respect  to  artillery  type  projectiles,  of  rolled 
homogeneous  armor  and  of  Dural  armor  (24  ST). 
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SUMMARY 

Ip  order "to  facilitate  the  comparison  of  different 
types  of  armor,  a  review  is  given  of  formulae  for  ballistic 
limits,  and  of  the  methods  for  determining  the  appropriate 
constants. 

Data  are  presented  for  the  resistance  to  penetration 
of  Dural  (24  ST),  taken  from  a  3/*+"  plate,  by  artillery 
type  projectiles.  Comparison  of  these  data  is  made  with 
those  previously  obtained  for  the  resistance  to  pene¬ 
tration  of  321  BHN  steel  armor  by  the  same  type  of  pro¬ 
jectiles,  It  is  found  that  the  steel  armor  of  321  BHN 
must  have  a  26$  greater  weight  than  Dural  armor  in  order 
to  give  the  same  protection  under  the  usual  conditions 
of  combat.  These  conditions  are:  (l)  an  obliquity  of 
attack  not  less  than  3°  ,  (2)  a  striking  velocity  not 
greater  than  27OO  f/s.  At  striking  velocities  above  this 
range,  steel  has  the  advantage  over  Dural  in  that  it  may 
shatter  the  projectiles,  while 
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Dural  cannot. 
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Since  previous  results  indicate  that,  for  obliquities 
of  attack  over  30° »  321  BHN  lies  in  the  optimum  hardness 
range  for  homogeneous  armor,  it  is  concluded  that  Dural 
plate  will  give  more  protection  than  homogeneous  steel 
armor  per  unit  weight  of  plate,  with  respect  to  artillery 
type  projectiles  under  the  usual  combat  conditions,  pro¬ 
viding  the  Dural  maintains  the  same  quality  as  manifested 
in  the  3 A"  plate.  Since  face  hardened  armor  over  3" 
with  suitable  shock  resistance  is  Inferior  in  penetration 
resistance  to  homogeneous  armor,  it  is  further  concluded 
that  all  steel  armor  over  3”  is  inferior  in  resistance  to 
penetration,  under  the  usual  combat  conditions,  to  Dural 
armor  of  the  same  weight,  again  providing  the  Dural  could 
be  made  in  the  heavier  gages  with  the  same  quality  now 
obtainable  in  3/^"  gage* 
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INTRODUCTION 

Dural  (24  ST)  has  been  found,'1'  over  wide  conditions 
of  attack,  to  afford  better  resistance  to  penetration  by 
cal.  .30  and  cal.  .50  projectiles  than  rolled  homogeneous 
armor  of  the  same  weight  per  unit  area.  It  is  to  be. 
expected  that  the  Dural  will  offer  a  still  greater  superi¬ 
ority  over  homogeneous  steel  armor  with  respect  to  ar¬ 
tillery  type  projectiles  of  57  mm.  and  over,  for  such  pro¬ 
jectiles  are  not  fractured,  as  are  the  cal.  .30  and 
cal,  .50  projectiles,  by  the  homogeneous  steel  armor  under 
the  usual  conditions  of  attack. 

The  technique  of  producing  Dural  plates  of  such  thick¬ 
ness  as  would  give  protection  against  artillery  type  pro¬ 
jectiles  of  57  mm.  and  larger  has  not  yet  been  developed, 
and  so  a  direct  comparison  of  Dural  and  steel  plates  for 
resistance  to  penetration  by  such  projectiles  cannot  be 
made  at  present.  It  is  therefore  urgent  that  such  infor¬ 
mation  be  obtained  by  some  indirect  method  in  order  to 
determine  whether  the  process  of  producing  thick  Dural 
plate  should  be  developed.  An  indirect  method  has  been 

adopted  in  the  present  report  by  using  cal.  .3°  model  ar- 

2 

tillery  type  projectiles,  described  in  a  current  report. 


Sullivan:  ''Aircraft'  Armor  -  An  Empirical  Approaoh 


to  the  Efficient  Design  of  Armor  for  Aircraft", 

Report  No.  WAL  7IC/3O6, 

2.  D.  Van  Winkle:  "Principles  of  Projectile  Design,  Third 
Partial  Report",  Report  No.  WAL  762/231-3* 
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RESULTS  AND  DISCUSSION 


I  Ballistic  Formulae  for  Homogeneous  Steel  Armor. 

In  comparing  the  resistance  to  penetration  of  various 
types  of  armor,  the  usual  procedure  is  first  to  fit  the 
experimental  data  of  each  type  of  plate  with  a  formula  re¬ 
lating  the  ballistic  limit  to  plate  thickness  and  obliquity 
of  attack.  These  formulae,  known  as  ballistic  formulae, 
are  then  used  to  construct  tables  or  curves  In  which  the 
performances  of  the  various  types  of  plate  are  compared. 
These  formulae  are  therefore  used  primarily  for  interpo¬ 
lation  purposes. 

If  a  formula  is  used  only  as  a  means  for  interpo¬ 
lation,  it  is  immaterial  what  form  it  assumes.  Many  differ¬ 
ent  types  of  functions  may  in  fact  represent  data  over  a 
limited  range  equally  well.  It  is  often  desirable,  however, 
so  to  choose  the  type  of  formula  that  the  various  constants 
have  a  physical  interpretation.  Suoh  formulae  have  two 
advantages,  (l)  They  give;  an  insight  into  the  mechanics  of 
the  penetration.  (2)  They  may  be  extrapolated  with  more 
confidence  than  formulae  with  no  physical  interpretation* 

A  successful  interpolation  formula  which  gives  the  de¬ 
pendence  of  the  ballistic  limit  V  upon  plate  thickness  e  is 
of  the  form, 


V'v(e/d)  ;  0  =  constant. 


(1) 


where  d  is  the  plate  thickness.  The  quantity  a,  which  will 
be  called  the  “e/d  exponent",  is  apparently  very  nearly 


independent  of  the  obliquity  angle  8.  It  may  however 
depend  upon  the  shape  of  the  projectile's  ogive.  The 
value  of  the  e/d  exponent  found  by  the  British  to 
represent  oest  their  data1  on  the  2  pr.  A.P.  projectile 
is  O.715.  The  value  O.63  best  represents  the  ballistic 
performance  of  homogeneous  plates  with  respect  to  pro¬ 
jectiles  similar  to  the  German  75  mm.  A.P.C.  projectile 
'(one  caliber  ra^us  of  curvature  a$'  ogive). ^ 

A  formula  of  the  type  (l)  has  the  great  advantage 
that  the  parameter  a  can  be  simply  obtained  through  a 
plot  of  the  data  on  logarithmic  paper.  It  has  the  dis¬ 
advantage  that  a  value  of  a  other  than  1/2  has  been 
given  no  simple  interpretation,  and  therefore  it  cannot 
be  expected  to  remain  valid  except  over  a  limited  range 
of  the  ratio  e/d,  A  formula  of  the  type 

1/2 

V^(e/d)  ,  8  *  constant  (2) 

has  been  commonly  used  in  this  country.  It  has  the  ad¬ 
vantage  that  it  may  be  readily  interpreted,  namely  it 
gives  the  kinetic  energy  as  proportional  to  the  plate  thick¬ 
ness.  It  has  however  the  disadvantage  that  its  so-called 
constant  of  proportionality,  the  “F"  coefficient,  is  not 
a  constant,  but  Increases  to  an  asymptotic  value  as  e/d 

II  Proceedings  of  Ordnance  Board,  No.  24,009. 

2.  B.  C.  Ward:  “Principles  of  Armor  Protection,  Second 
Partial  Report" ,  Report  No,  WAL  7IO/607-I. 


increases.  Such  a  formula  cannot  therefore  perform 
the  primary  function  for  which  a  ballistic  formula  is 
designed. 

A  slight  modification  of  Equation  (2)  has  however 
been  found  to  represent  the  ballistic  data  exceedingly 
well.'*'  This  modification  is 

1/2 

V  /v  (e/d  -  A)  ,  6  =  constant  (3) 

where  A  is  a  small  numerical  constant.  The  constant  of 
proportionality  has  been  found  to  be  truly  constant, 
vrithln  experimental  error,  over  the  entire  range  investi¬ 
gated.  This  equation  has  a  physical  interpretation  which 
is  equally  as  simple  as  is  that  of  Equation  (2).  Upon 

p 

squaring  both  sides  one  sees  that  V  ,  and  therefore  the 
kinetic  energy  required  for  complete  penetration,  is 
proportional  to  e  Ad.  It  is  well  recognized  that  the 
plate  material  near  both  sides  of  the  plate  is  easier 
to  push  aside  than  the  plate  material  in  the  interior. 

The  quantity  A,  which  will  be  called  the  e/d  defect,  is 
one  way  of  taking  account  of  this  boundary  effect.  Ac¬ 
cording  to  Equation  (3),  the  energy  necessary  for  complet 
perforation  is  proportional  to  the  width  of  the  interior 
of  the  plate  after  removal  of  a  layer  of  width  Ad,  dis¬ 
tributed  between  the  face  and  the  back  of  the  plate. 


T.  ’’Penetration  Mechanisms  I .  The  Penetration  of  Homo- 
geneous  Armor  by  Uncapped  Projectiles  at  0°  Obliquity 
U.  S,  Naval  Proving  Ground  Report  No.  1-43* 


Over  a  limited  range  of  e/d,  Equations  (l)  and  (3) 
might  both  reproduce  the  ballistic  data  equally  well. 

This  equivalence  is  illustrated  in  Figure  1  where  the 
e/d  exponent  a  has  been  so  chosen  that  Equations  (l)  and 
(3)  are  tangent  at  e/d  =  1.  The  precise  relation  between 
the  e/d  exponent  and  the  e/d  defect  such  that  Equations  (l) 
and  (3)  are  tangent  at  a  particular  e/d  may  readily  be 
seen  to  be  given  by  the  following  relation: 

1  -  A(d/e)  =  1/ (2a)  .  (4) 

This  relationship  is  plotted  in  Figure  2.  Equations  (1) 
and  (3)  each  have  certain  advantages.  The  first  equation 
is  the  most  convenient  to  use,  it  is  a  straight  line  on 
logarithmic  paper.  On  the  other  hand,  the  second  equation, 
which  has  greater  physical  content,  may  be  expected  to  be 
valid  over  a  wider  range  of  e/d. 

No  simple  formula  represents  accurately  the  variation 
of  the  ballistic  limit  with  obliquity  angle  9  over  the 
entire  obliquity  range.  The  formula 

V--n'l/cos  0  ,  e/d  =  constant  (5) 

is  widely  used  both  in  England  (Milne  Formula)  and  in  this 
country  (Thompson  Formula).  It  reproduces,  within  experi¬ 
mental  error,  ^  the  observations  on  the  ballistic  limits  of 


homogeneous  armor  with  respect  to  artillery  type  pro- 

o  . 

jec tiles  for  obliquity  angles  over  JO  ,  providing  e/d  is 
in  the  neighborhood  of  unity.  On  the  other  hand,  in  the 
range  0°  -  J0° ,  the  formula 

1/2 

Vrvi/cos  8  ,  e/d  =  constant  (6) 

appears  to  be  the  more  appropriate1  for  certain  projectiles.  - 
Equation  (5)  may  be  interpreted  by  the  statement 
that  the  success  of  the  projectile  in  penetrating  the  plate 
depends  only  upon  the  component  of  its  velocity  normal  to 
the  plate,  V  cos  8,  and  is  independent  of  the  component  of 
its  velocity  parallel  to  the  plate,  namely,  V  sin  8.  Vftiy 
this  should  be  so  is  not  entirely  clear.  A  very  rough 
interpretation  may  bo  given  as  follows.  At  angles  over 
30  ,  where  Equation  (5)  is  valid,  the  projectile  effectively 
flattens  against  the  face  of  the  plate,  as  is  illustrated 
in  Figure  3*  The  projectile  then  either  pushes  out  a  punch, 
and  passes  through  the  hole  thereby  made,  or  scoops  off 
the  face  of  the  plate.  The  deciding  factor  as  to  which 
event  occurs  is  the  distance  the  projectile  has  been  pushed 
sidewise  into  the  plate,  which  in  turn  depends  solely -upon 
the  initial  kinetic  energy  of  the  projectile  associated  with 
the  normal  component  of  velocity. 

Equation  (6)  may  be  roughly  interpreted  as  follows. 


''or  references, 
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3eterson: 
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plea  of  Projectile  Design  for  Penetration,  First  Partial 
Report",  Report  Number  WAL  7&2/2J1,  pp.  15-19. 


The  energy  required  for  penetration  depends  primarily 
upon  the  length  of  the  projectile's  path  through  the  plate. 
As  the  projectile  enters  a  plate  its  obliquity  is  at  first 
increased  by  the  transverse  forces  acting  upon  its  ogive. 

As  the  ogive  approaches  the  back  of  the  plate,  the  trans¬ 
verse  force  acting  upon  the  ogive  is  in  the  reverse  di¬ 
rection,  and  therefore  tends  to  decrease  the  obliquity. 
Where  e/d  is  less  than,  or  in  the  neighborhood  of,  unity, 
and  when  the  initial  obliquity  is  less  than  30°  >  the  two 
effects  at  the  face  and  at  the  back  of  the  plate  tend  to 
cancel.  The  path  of  the  projectile  through  the  plate  is 
therefore  essentially  rectilinear,  and  therefore  the  length 

p 

of  this  path,  and  hence  also  V  ,  is  proportional  to  l/cosQ. 
Only  when  the  obliquity  is  over  30°  does  the  initial  torque 
gain  complete  control,  effectively  flattening  the  pro¬ 
jectile  against  the  face  of  the  plate. 

Upon  combining  Equation  (l)  with  Equation  (5)  one 
obtains 

v  =  va  (e/d)a  /cos  e  ,  e>?0°  (7) 

and  upon  combining  Equation  (3)  with  Equation  (5)  one 
obtains 

1/2  0 

V  =  VA  (e/d  -  A)  /cos  6  ,  e>30  (&) 

From  the  above  discussion  of  the  physical  interpretation  of 
Equation  (3),  it  would  seem  that  the  parameters  a  and  A 
would  be  independent  of  the  obliquity  angle  6.  This 
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independence  has  been  observed."^  The  constant  Va  may  be 
interpreted  as  the  ballistic  limit  matching  plate  would 
have  at  zero  obliquity  if  Equation  (7)  continued  to  be 
valid  below  30°  obliquity.  It  is  obtained  by  plotting 
V  vs,  cos  0  on  logarithmic  paper,  and  extrapolating  the 
straight  line  portion  to  cos  0  =  1,  as  is  illustrated  in 
Figure  4.  In  the  case  illustrated,  Va  is  1760  f/s,  while 
the  ballistic  limit  for  matching  plate  at  zero  obliquity 
is  1975*  Similarly,  the  quantity  VA  may  be  interpreted 
as  the  ballistic  limit  a  plate  of  thickness  d  +  A*d  would 
have  at  zero  obliquity  if  Equation  (*$)  were  valid  at  this 
obliquity.  Upon  comparing  Equations  (7)  and  (8),  one 
sees  that  VA  may  be  obtained  from  Va  by  the  relation 

1/2 

VA=Va/(l-A)  .  (9) 


Thus  in  the  case  illustrated  in  Figure  4,  the  e/d  exponent 
is  O.63  taken  from  data  in  the  neighborhood  of  o/dyl  and 
therefore,  from  Figure  2,  A  =  0.20,  and  thus  from  Equation  9 

vA  =  1970. 

The  values  given  above  for  Va  and  for  VA  refer  only 
to  homogeneous  plate  of  321  BHN,  and  strictly  only  with 
respect  to  the  cal,  ,30  model  artillery  type  projeotiles. 
From  previous  studies  with  these  projectiles,  an  estimate 


N/v 


T,  B.  0.  Vard:  loc,  cit.  (figure  2). 

2.  C.  Zener:  "Principles  of  Armor  Protection,  First 
Partial  Report" ,  Report  Number  WAL  llO/bOf. 


nay  be  made  as  to  the  manner  In  which  Vft  varies  with 
plate  hardness.  This  estimate  is  given  in  Figure  5. 

It  is  to  be  observed  that  this  estimate  has  a  plateau 
which  contains  the  hardness  level  321  BHN. 

Host  ballistic  formulae  used  in  the  past  have  at¬ 
tempted  to  take  partial  account  of  the  type  of  projectile 
in  some  manner.  The  energy  of  the  projectile,  (l/2)M  V2, 
is  equated  to  some  function  of  e,  6  and  d.  The  physical 
reasoning  back  of  this  procedure  is  that  a  pertain  amount 
of  energy  is  needed  for  the  formation  of  a  hole  of  given 
caliber  in  a  plate,  and  that  it  is  immaterial  whether 
tliis  energy  is  concentrated  in  a  long  or  in  a  short  pro¬ 
jectile.  This  reasoning  has  been  carefully  vindicated  by 
the  British1  in  firings  in  the  range  0°  -  30°,  but  is  not 
applicable  to  the  high  obliquity  impacts  illustrated  In 
Figure  3«  The  longer  the  projectile  the  greater  is  the 
distortion  whioh  the  plate  must  undergo  before  the  pro¬ 
jectile  penetrates.  This  increase  in  energy  of  distortion 
tends  to  weaken  the  variation  of  the  ballistic  limit, 
at  high  obliquity,  with  the  projectile  length,  and  hence 
with  projectile  mass.  No  attempt  will  therefore  be  made 
to  generalize  the  formulae  of  Equations  (7)  and  (5)  by 
inclusion  of  the  projectile  mass. 

The  above  mentioned  relative  independence  of  ballistic 


Proceedings  of  the  British  Ordnance  Board,  No*  24,009. 


limit  at  high  obliquities  upon  projectile  length/caliber 
ratio  suggests  that  the  ballistic  limits  of  plates  at 
high  obliquities  should  be  nearly  the  same  for  all  types 
of  non-deforming  non-fracturing  projectiles.  Figure  6 
is  presented  in  support  of  this  viewpoint. 

II  Ballistic  Formulae  for  Dural  (24  ST). 

No  information  is  in  the  literature  as  to  the  re¬ 
sistance  to  penetration  of  Dural  with  respect  to  artillery 
type  projectiles.  A  study  has  therefore  been  made  with 
cal,  .30  model  artillery  type  projectiles.  Two  plhte 
thicknesses  were  used,  0„75«  and  0,56”.  The  latter  plates 
were  ground  down  from  0*75”  plates.  The  results  are  pre¬ 
sented  in  Table  I  and  are  plotted  vs.  cos  0  upon  loga¬ 
rithmic  paper,  in  Figure  7* 

Since  the  observed  ballistic  limits  for  each  plate 
thickness  lie  upon  a  straight  line  of  slope  -1,  the 
ballistic  limits  obey  the  relation 

V.^l/cos  0  (10) 

from  zero  obliquity  to  the  highest  obliquity  used,  55° • 

This  equation  is  identical  with  Equation  (5)  which  is 
obeyed  by  steel  armor  for  obliquities  over  30°.  The 
author  is  not  aware  of  any  satisfactory  physical  interpre¬ 
tation  why  the  ballistic  limit  for  Dural  should  follow 
Equation  (10) 0  The  arguments  advanced  in  the  case  of  steel 
armor  are  not  here  applicable,  since  the  projectile  do  net 


flatten  against  Dural  plates  as  is  depicted,  in  Figure  3 
for  the  case  of  steel  armor. 

The  analysis  of  the  straight  lines  of  Figure  7  is 
given  in  Figure  8.  It  is  seen  that  these  lines,  and 
therefore  the  ballistic  data,  are  given  by  the  formula 

0.63/ 

V  =  2060  (e'/d)  /  cos  6  .  (11) 

The  ballistic  data  may  also  be  represented  by  a 
formula  of  the  type  of  Equation  (8).  The  two  ballistic 
formulae  are  made  tangent  in  the  middle  of  the  e 1  /d.  range, 
namely  at  0.78,  by  taking  the  e!/d.  defect  as  O.17,  as  may 
be  seen  from  Figure  2.  The  constant  V.  is  then  found  from 
Equation  (9)  to  be  2260.  Therefore 

1/2 

V  =  2260  (e‘/d  -  O.17)  .  (12) 

The  e/d  defect,  in  contrast  to  the  e'/d  defect,  is  equal 
to  2.8  x  O.17  =  0,48.  This  is  2.4-  times  as  large  as  for 
the  steel  armor  previously  investigated  with  the  same 
projectiles.  The  interpretation  of  this  relatively  large 
value  of  A  may  be  in  the  bad  spalling  character  of  the 
Dural  plate,  in  contrast  to  the  non-spalling  character 
of  the  steel  armor  used.  Such  spalling  would  necessarily 
increase  the  thickness  of  the  back  layer  which  effectively 
contributes  nothing  towards  resistance  to  penetration. 

Ill  Comparison  of  Steel  r-nd  of  Dural. 

The  ballistic  performance  of  steel  and  of  Dural  may 
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best  be  compared  through  their  respective  ballistic 
formulae  of  the  type  in  Equation  (7).  These  are 


O.63  / 

V  =  1760  (e/d)  /  cos  8  , 

Steel  (321  BHN),  6^)30° 


(13) 


and 


^  Dural  (24-  ST),  all  obliquities 


(14) 


These  equations  are  identical,  save  for  the  numerical 
multiplicative  constants.  The  ratio  e/e*  of  the  thickness 
of  steel  armor  to  thickness  of  Dural  armor  which  will  have 
the  same  ballistic  limit  at  the  same  obliquity  (0)30)  is 
the  same  for  all  ballistic  limits.  It  is  given  by 


(e/e1) 


O.63 


-  2060 
~  T7F5 


) 


the  solution  of  which  is 


e/e*  =  1.2S,  (8  >30°)  .  .  (13) 

Therefore  steel  armor  of  321  3HN  must  have. a  2 2$  greater 
weight  than  Dural  armor  to  give  the  same  ballistic  limit 

(e  >30). 

The  precise  values  of  the  constants  in  the  ballistic 
formulae  for  steel  (321  BHN)  and  for  Dural  (24-  ST)  will 
depend  somewhat  upon  the  particular  type  of  projectile. 

It  Is  to  be  expected  that  the  ratio  of  Equation  (13)  will 
however  be  relatively  independent  of  projectile  type. 


The  ratio  1,26  of  Equation  (13)  refers  specifically 
only  to  steel  of  321  BHN.  As  has  already  been  pointed 
out, homogeneous  steel  armor  of  no  other  hardness  offers 
a  higher  resistance  to  penetration,  with  respect  to  ar¬ 
tillery  type  projectiles,  for  0  >  30.  Further,  face  hardened 
armor  with  thicknesses  of  3"  and  over  offers  less  re- 

2 

sistance  to  penetration  than  homogeneous  steel  armor. 
Therefore  Equation  (13),  compares  the  best  obtainable  steel 
armor,  of  3"  and  over,  with  Dural  of  the  quality  now  ob¬ 
tainable  in  3/li"  thickness. 

The  comparison  of  Equation  (13)  refers  specifically 
only  to  obliquities  of  30°  and  over.  At  lower  obliquities 
Dural  armor  will  not  have  as  much  superiority  over  steel 
as  given  by  this  equation.  In  most  cases,  however,  armor 
is  so  disposed  that  impacts  at  obliquities  under  30°  are 
very  rare . 

Dural  has  an  advantage  over  steel  quite  apart  from 
that  given  by  a  comparison  of  their  respective  ballistic 
formulae.  From  these  formulae  it  is  evident  the  larger  the 
obliquity,  the  smaller  is  the  weight  of  plate  needed  to  give 
the  same  protection  to  a  given  area.  In  other  words,  to 
obtain  the  maximum  protection  by  a  given  weight  of  armor, 
a  very  large  obliquity  angle  must  be  used.  However,  when 
this  angle  is  made  sufficiently  large  the  corresponding 


lT  (37  Zener:  Loc,  cit. 

2.  Aberdeen  Proving  Ground  Armor  Test  Report  AD-632. 


plate  thickness  is  to  small  that  non-penetrating  impacts 
permanently  injure  the  plate  by  indentation.  The  greater 
rigidity  of  Dural  for  a  given  weight  per  unit  area,  which 
increased  rigidity  is  associated  with  its  smaller  density 
will  allow  Dural  to  be  used  at  larger  obliquity  angles 
without  indentation  than  is  possible  in  the  case  of  steel 
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FIGURE  5 


INFLUENCE  OF  PLATE  HARDNESS 
UPON  BALLISTIC  FORMULA 

(DATA  OBTAINED  FROM  CAL.  .30 
MODEL  ARTILLERY  TYPE  PROJECTILE) 
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NAVY  tALLISTIO  LIMIT  (f/*) 


FIGURE  7 


BALLISTIC  DATA  FOR  DURAL  WITH 
RESPECT  TO  CAL  .30  MODEL 
ARTILLERY  TYPE  PROJECTILES. 


LINES,  DRAWN  TO  HAVE  SLOPE  OF  45\ 
FOLLOW  THE  FORMULA 

V*  2050  (t'/d^OS  0 
6** EQUIVALENT  THICKNESS 
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